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THAT WHICH IS CLAIMED IS: 




1 . A process for the N-halogenation of a compound having at least one N- 
halogenatable amido or imido nitrogen atom in the molecule, wmch process comprises: 

concurrently, or substantially concurrently, feeding (a) a C0mpound having in the molecule 
at 

least one N-halogenatable amido or imidoiritrogen atom, (b) an inorganic base, (c) a 
brominating agent and/or a chlorinatipg agent, and (d) water, 

said (a), (b), (c), and (d) being fed indiymually and/or in any combination(s) whereby the 
feeds come together in a reaction zdne, 

said (a), (b), (c), and (d) being fed in proportions such that at least one said amido or imido 
nitrogen atom is subsjmited by a bromine or chlorine atom, thereby forming product 
which precipitates4n the liquid phase of an aqueous reaction mixture, and such that 
the pH of said Hquid phase is continuously or substantially continuously maintained 
in the rang^^f about 5.5 to about 8.5 during all or substantially all of the time said 
feeding/fs occurring. 

2. A process of Claim 1 wherein said pH is inutile range of about 6.5 to about 8.5. 

3 . A process of Claim 1 wherein aHeast (a) and (b) are fed in the form of a single 
preformed aqueous solution or slurry, 

4. A process of Clmm 1 wherein at least (a) is fed in the form of a separate 
preformed aqueous solutiorrar slurry, and wherein at least (b) is fed in the form of a separate 
preformed aqueous sohraon or slurry. 
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5. A process of Claim 1 whereirr^dieff'Stafting up smd process, said feeding is 
initiated into a reactor contairjing'^^a solids-containing heel of a reaction mixture from a 
prior reaction in ^^^jieKme product to be formed had b^ra formed, or (ii) a solids-free mother 
liquor of ape^tion mixture from a prior reaction^ which the product to be formed had been 
forrpe^ 

6 . A process of Claim4 wherein said feeding is initially to a mixing device which 
produces an effluent stream fofmed from (a) and (b), or (a) and (d), (b) and (d), or (c) and (d), 
or (a), (b), and (d), and wKerein the effluent stream is fed into a reaction vessel containing a 
larger volume of the aqueous reaction mixture; wherein said stream is subjected to dilution 
in the aqueous reajzrion mixture before the temperature of said effluent stream exceeds about 

90 ° C; and wh^ein the temperature of the aqueous reaction mixture is maintained in the range 
of about y\o about 90 °C during all or substantially all of the time said feeding is occurring. 

7 . A process of Claim 6 wherein said mixing device is a static mixer, and wherein 
the effluent stream from the mixer is being fed subsurface to the liquid phase of the aqueous 
reaction mixture. 

8. A process of Claim^wherein said mixing device is a jet mixer producing a 
high velocity stream, which stream is being fed subsurface to the liquid phase of the aqueous 
reaction mixture. 

9. A process of Claim 1 wherein said ajpleous reaction mixture is at one or more 
temperatures in the range of about 0 to about^^C. 

10. A process of Claim Lwherein (a) is a 5,5-dialkylhydantoin in which each alkyl 
group has, independently, up tcyabout three carbon atoms; wherein (b) is a basic salt or oxide 
of a water-soluble alkali m^al or an alkaline earth metal; wherein the amount of such base 
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4 is the stoichiometric quantity, or is substantially the stoichiometric quantity, theoretically 

5 required to deprotonate at least one nitrogen atom of smd hydantoin; wherein (c) is (i) 

6 bromine, (ii) chlorine, (iii) bromine chloride, (iv) an alxali metal bromide or aqueous solution 

7 thereof, or an alkaline earth metal bromide or^ueous solution thereof, and chlorine, or 

8 hypochlorite salt or aqueous hypochlorite sojmion in amounts sufficient to generate bromine 

9 in situ, or (v) a combination of any two or more of (i), (ii), (iii), and (iv); wherein at least all 

10 or such portion of (c) that is in the va{(or state, if any, is fed subsurface to the liquid phase of 

1 1 the aqueous reaction mixture; vs^rein the temperature of the aqueous reaction mixture is 

12 continuously or substantially/continuously in the range of from about 30 to about 90 °C 

•,yl3 during all or substantiaHy all of the time said feeding is occurring; and wherein the 

rgl4 proportions of the feeid^ are such that the total amount of (c) being fed to N-halogenate the 

5,5-dialkylhydantpm being fed are such that there are in the range of about 3.8 to about 4.2 

6 atoms of halog^ per molecule of 5,5-dialkylhydantoin. 

1 1 1 . A process of any of Claims 1, 2, or 9 wherein said process is conducted in a 

^JZ 2 continuous modejin which, under steady state conditions, said feed(s) are maintained such that 

3 the ratio of (i) thelvolume of said reaction mixture in liters to (ii) the moles of said compound 

" 4 of (a) being fed t© the reaction mixture per minute is in the range of about 10 to about 100 

5 liters per mole pel minute. 

1 12. A process of any of Claims 1, 2, or 9 wherein said process is conducted in 

2 batch mode in at least one reactor and wherein, until the volume of the reaction mixture 

3 reaches 50 percent pf the total volume of the reactor(s), the feeds to said reaction mixture are 

4 maintained such that the ratio of (i) the volume of said reaction mixture in liters to (ii) the 

5 moles of said compound of (a) being fed to the reaction mixture per minute is in the range of 

6 about 10 to about 1100 liters per mole per minute; and wherein, when the volume of the 

7 reaction mixture is 50 percent or more of the total volume of the reactor(s), the feeds to said 

8 reaction mixture are maintained such that the ratio of (i) the volume of said reaction mixture 
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in liters to (ii) the moles of siid compound of (a) being fed to the reaction mixture per minute 
is in the range of about 30 to about 60 liters per mole per minute. 

13. A process for the N-halogenation of a compound having in the molecule at 
least one halogenatable amido or imido functional gnemp, which process comprises 
concurrently feeding into a reaction zone: / 

A) separate feeds of (i) an aqueous solution or slupty formed from an inorganic base and 
a compound having in the molecule at le/st one halogenatable amido or imido 
nitrogen atom, and (ii) a brominating agent and/or a chlorinating agent; or 

B) at least three separate feeds, one of whidi is a brominating agent and/or a chlorinating 
agent, and at least two other feeds, at/east one of which is selected from (a) and (b); 
and at least one of which is selected from (c) and (d), wherein 

(a) is an aqueous solution or /lurry formed from an inorganic base, 

(b) is an aqueous solution^ or slurry formed from an inorganic base and a 
compound having in the molecule at least one halogenatable amido or imido 

nitrogen atom, / 

/ 

(c) is a compound h^ing in the molecule at least one halogenatable amido or 
imido nitrogen acom, and 

(d) is an aqueousysolution or slurry formed from a compound having in the 
molecule at l/ast one halogenatable amido or imido nitrogen atom; 

in proportions sucl^ahat at least one said amido or imido nitrogen atom is substituted 
by a bromine or ^lorine atom, thereby continuously or substantially continuously 
forming product/which precipitates in the liquid phase of an aqueous reaction mixture 
during all or substantially all of the time said concurrent feeding is occurring, and 
such that themH of said liquid phase is continuously or substantially continuously 
maintained id the range of about 5.5 to about 8.5 during all or substantially all of the 
time said concurrent feeding is occurring. 
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A process of Claim 13 wherein said pH is in the range of about 6.5 to about 



15. A process of Claim 1 4 wherein said compound having in the molecule at least 
one halogenatable amido or imido riitrogen atom is a cyclic amide or cycHc imide; and 
wherein said brominating agent ancj/or chlorinating agent is bromine, chlorine, bromine 
chloride, or a combination of any twcf or all three of them, and is fed subsurface to the Uquid 
phase of said reaction mixture. 

16. A process of Claim 1 4 wherein said compound having in the molecule at least 
one halogenatable amido or imido hitrogen atom is a cyclic amide or cyclic imide; and 
wherein said brominating agent and/ir chlorinating agent is (i) an alkali metal bromide or an 
alkaline earth metal bromide, and (ii) dhlorine, a hypochlorite salt, or an aqueous hypochlorite 
solution in amounts sufficient to generate bromine in situ, and if (ii) is chlorine, at least the 
chlorine is fed subsurface to the liquid phase of said reaction mixture. 



17. A process of Claim 1 4 therein the inorganic base is a water-soluble basic salt 
or oxide of an alkali metal or an alkaliAe earth metal, and wherein the amount of such base 
is the stoichiometric quantity, or is substantially the stoichiometric quantity, theoretically 
required to deprotonate at least one imido group of said compound or to fully or partially 
deprotonate at least one amido group of ^id compovmd. 



18. A process of Claim IS^iiiergih said aqueous reaction mixture is at one or more 
temperatures in the ranse^ about 0 to about 90 °C, and wherein if said brominating agent 
and/or chlorinatij^^gent is in the form of a vapor, said vapor is fed subsurface to the liquid 
phase of th^eaction mixture. 



51 



CASE SU-7152 



19. A process of any of Claims 13-16 wherein said raefcess is conducted in a 
continuous mode in which, under steady state conditions, said fop^s) are maintained such that 
the ratio of (i) the volume of said reaction mixture in liters tj^i) the moles of said compound 
having in the molecule at least one halogenatable amujc^or imido nitrogen atom being fed to 
the reaction mixture per minute is in the range o^out 10 to about 100 liters per mole per 
minute. X 

20. A process of any of Claims 13-16 wherein said process is conducted in a batch 
mode in at least one reactor and wh^ein, until the volume of the reaction mixture reaches 50 
percent of the total volume of th^eactor(s), the feeds to said reaction mixture are maintained 
such that the ratio of (i) the vblume of said reaction mixture in liters to (ii) the moles of said 
N-halogenatable compoui^ of (a) being fed to the reaction mixture per minute is in the range 
of about 10 to about lOO Hters per mole per minute; and wherein, when the volume of the 
reaction mixture is 5 (/percent or more of the total volume of the reactor(s), the feeds to said 
reaction mixture af^maintained such that the ratio of (i) the volume of said reaction mixture 
in liters to (ii) the moles of N-halogenatable compound being fed to the reaction mixture per 
minute is in tWe range of about 30 to about 60 liters per mole per minute. 

2\/ Ajrnr^.ss nf ^ll^m^i^rvi/h^ is in the range of about 6.8 to about 

22 . A process of Claim 2 1 wherem said compoimd having in the molecule at least 
one halogenatable amido or imido nitrogJen atom is a 5-alkyl hydantoin or a 5,5- 
dialkylhydantoin; wherein the temperature of\aid reaction mixture is in the range of about 
20 to about 80 ""C, and wherein, if all or part oAsaid brominating agent and/or chlorinating 
agent is in the form of a vapor, said vapor is fed subsurface to the liquid phase of said reaction 
mixture. \ 
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23. A process of Claim 13 wherein the proportions^ water, inorganic base, and 
said compound being fed are such that: / 

A) where the inorganic base has a monovalent cation, there are from about 0.5 to about 
2.5 moles of halogenatable amido or imiilo nitrogen atoms and from about 0.5 to 
about 2.5 moles of the base, per liter/ff water; and 

B) where the base has a divalent c^ion, there are about 0.5 to about 2.5 moles of 
halogenatable amido or imido lafitrogen atoms and from about 0.25 to about 1.25 moles 
of the base, per liter of wat^. 

24. A process of Claim 13 wherein the proportions of water, inorganic base, and 
said compound being fed are such that: 

A) where the inorgahic base has a monovalent cation, there are from about 1 .0 to about 
1,5 moles of l^^alogenatable amido or imido nitrogen atoms and from about 1.0 to 
about 1.5 mcUes of the base, per liter of water; and 

B) where theybase has a divalent cation, there are about 1.0 to about 1.5 moles of 
halogena/able amido or imido nitrogen atoms and from about 0.5 to about 0.75 moles 
of the base, per liter of water. 

25. /A process of Claim 13 wherein the process is conducted in a batch mode. 

26. A process of Claim 25 wherein during at least about 80% of the period of time 
said concurrent separate feeds are being carried out, precipitate is being formed that has a 
purity of at least about 97%. 

27 . A process of Claim 1 3 wt@r€inthe process is conducted in a continuous mode; 
wherein the temperature of thg.-a^ueous reaction mixture is in the range of about 20 to about 
90 ° C; and wherein sauHnorganic base and said compound having in the molecule at least one 
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halogenatable amido or imida/ditrogen atom are fed either as separate solutions or slurries in 
water or as a single solutioii^r slurry in water. 

28, A process/of Claim 27 wherein during steady-state operation, precipitate is 
continuously being forrAed that (a) has a purity of at least about 97%, and (b) is formed in a 
continuous or substantially continuous yield of at least about 85% based on the amount of the 
compound having a/least one halogenatable amido or imido nitrogen atom being fed to the 
reactor. 



29. A process of Claim 13 wherein said compound having at least one amido or 
imido functionAl group in the molecule is a hydantoin in which each of the two substituents 
in the 5-positibn is, independently, a hydrogen atom or a hydrocarbyl group. 



30. A process of Claim 29 wherdiwfeald hydantoin is a 5-alkyl hydantoin or a 5,5 



dialkylhydantoin. 




31. A process of Claim 30 whereVi said process is conducted in a continuous mode 
in which, under steady state conditions, saidVeed(s) are maintained such that the ratio of (i) 
the volume of said reaction mixture in liters tA(ii) the moles of said hydantoin being fed to 
the reaction mixture per minute is in the range \f about 10 to about 100 liters per mole per 



minute. 




o is in the range of about 30 to about 



32. A process of Claim 3 1 wherein 
60 liters per mole per minute. 



33. A process of Claim 30Avherein said process is conducted in batch mode in at 
least one reactor and wherein, until ttie volume of the reaction mixture reaches 50 percent of 
the total volume of the reactor(s), me feeds to said reaction mixture are maintained such that 
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the ratio of (i) the volume of said reactioiyhixture in liters to (ii) the moles of said compound 
of (a) being fed to the reaction mixturo^er minute is in the range of about 10 to about 100 
liters per mole per minute; and w^rein, when the volume of the reaction mixture is 50 
percent or more of the total volunfe of the reactor(s), the feeds to said reaction mixture are 
maintained such that the ratio of (i) the volume of said reaction mixture in liters to (ii) the 
moles of said hydantoin being/fed to the reaction mixture per minute is in the range of about 
30 to about 60 liters per mole per minute. 

34. A process of Claim 33 wherein, until the volume of the reaction mixture 
reaches 50 percent of the total volume of the reactor(s), the feeds to said reaction mixture are 
maintained such that said ratio is in the range of about 20 to about 80 liters per mole per 
minute. 

35. A process of Claim 1 3 wherein said compound having in^Ke molecule at least 
one halogenatable amido or imido nitrogen atom is a 5 ,5-dialkylhyd^in in which each alkyl 
group has, independently, up to about six carbon atoms; wherejn^id inorganic base is a basic 
salt or oxide of an alkali metal or an alkaline earth meta^herein the amount of such base 
is the stoichiometric quantity, or is substantially th^toichiometric quantity, theoretically 
required to deprotonate at least one nitrogej/atom of said hydantoin; wherein said 
brominating agent and/or chlorinating ag^is (i) bromine, (ii) chlorine, (iii) bromine 
chloride, (iv) an alkaU metal bromide orXueous solution thereof, or an alkaline earth metal 
bromide or aqueous solution there<^, and chlorine, or hypochlorite saU or aqueous 
hypochlorite solution in amounts ^fficient to generate bromine in situ, or (v) a combination 
of any two or more of (i), Cri), (iii), and (iv); wherein at least all or such portion of 
brominating agent and/or cWorinating agent that is in the vapor state, if any, is fed subsurface 
to the liquid phase of the/4queous reaction mixture; wherein the temperature of the aqueous 
reaction mixture is contouously or substantially continuously maintained in the range of from 
about 20 to about 8(/ C during all or substantially all of the time said feeding is occurring; and 
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16 wherein said process is conducted in a continuousjp.ode-iirwhich, under steady state 

17 conditions, the feeds to said reaction nu^ctufe"^ maintained such that the ratio of (i) the 

1 8 volume of said reaction mixjttfe-lnlit^ to (ii) the moles of said 5,5-dialkylhydantoin being 

19 fed to the reaction^jni^cture per minute is in the range of about 30 to about 60 Hters per mole 

20 per minutgi'^ \ 

1 36. A prdcess of Claim 1 3 wherein said compound having in the molecule at least 

2 one halogenatable am\do or imido nitrogen atom is a 5,5-dialkylhydantoin in which each alkyl 

3 group has, independently, up to about six carbon atoms; wherein said inorganic base is a basic 
Q; 4 salt or oxide of an alkafi metal or an alkaline earth metal; wherein the amount of such base 
i 5 is the stoichiometric qutotity, or is substantially the stoichiometric quantity, theoretically 
;| 6 required to deprotonate ^t least one nitrogen atom of said hydantoin; wherem said 

1 brominating agent and/or Vhlorinating agent is (i) bromine, (ii) chlorine, (iii) bromine 

P 8 chloride, (iv) an alkah metai bromide or an alkaline earth metal bromide, and chlorine, a 

r;3 9 hypochlorite salt, or an aqueWs hypochlorite solution in amounts sufficient to generate 

[2l0 bromine in situ, or (v) a combination of any two or more of (i), (ii), (iii), and (iv); wherein at 

;:|[ 1 least all or such portion of said brominating agent and/or chlorinating agent that is in the 

32 vapor state, if any, is fed subsurftce to the liquid phase of the aqueous reaction mixture; 

13 wherein the temperature of said aqtsieous reaction mixture is continuously or substantially 

14 continuously maintained in the rarifee of from about 20 to about 80 °C during all or 

15 substantially all of the time said feeding is occurring; wherein said process is conducted in a 

1 6 batch mode in at least one reactor; wherein, until the volume of the reaction mixture reaches 

17 50 percent of the total volume of the rdactor(s), the feeds to said reaction mixture are 

1 8 maintained such that the ratio of (i) the volVne of said reaction mixture in liters to (ii) the 

1 9 moles of said 5,5-dialkylhydantoin being fed tX the reaction mixture per minute is in the range 

20 of about 20 to about 80 liters per mole per mihute; and wherein, when the volume of the 

21 reaction mixture is 50 percent or more of the total volume of the reactor(s), the feeds to said 

22 reaction mixture are maintained such that the ratio\f (i) the volume of said reaction mixture 
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in liters to (ii) the moles of !;aid 5,5-dialkylhydantoin being fed to the reaction mixture per 

minute is in the range of about 30 to about 60 liters per mole per minute. 

I 

37. A process of Claim 35 wherein said pH is in the range of about 6.8 to about 

7.2. 



38. A process of Claim 36 wherein said pH is in the range of about 6.8 to about 



7.2. 



39. A process of Claim 35 t^herein said 5,5-dialkylhydantoin is 5,5- 
dimethylhydantoin. 

40. A process of Claim 36 wherein 5,5^ialkylhydantoin is 5,5-dimethylhydantoin. 

41 . A process of Claim 39 whe^in said pH is in the range of about 6.8 to about 
7.2; wherein said temperature in the rangd of about 30 to about 70 °C; and wherein said 
brominating agent and/or chlorinating agentus bromine. 

42. A process of Claim 30 wherfein said pH is continuously or substantially 
continuously maintained in the range of about b.8 to about 7.2 during all or substantially all 
of the time said feeding is occurring; whereifi said temperature of the aqueous reaction 
mixture is maintained in the range of about 30 tb about 70 °C during all or substantially all 
of the time said feeding is occurring; and whereii\the brominating agent and/or chlorinating 
agent is bromine. 

43. A process for the N-halogenation of a compound having at least one 
halogenatable amido or imido fun/tional group in the molecule, which process comprises 
concurrently feeding into a reacti/n zone, separate feeds of (i) an aqueous solution or slurry 
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formed from an inorganic base and a compound havdpgHirme molecule at least one 
halogenatable amido or imido nitrogen atoYn^,£ffjff^^ agent and/or chlorinating 

agent in proportions such that at l^asfone said amido or imido nitrogen atom is substituted 
by a bromine or chlorine aj^^m and the resuhant product precipitates in a liquid phase of a 
reaction mixture duhngm or substantially all of the time said concurrent feeding is occurring, 
and such that the^H of said mixture is continuously or substantially continuously maintained 
in the range ofabout 6.5 to about 8.5 during all or substantially all of the time said concurrent 
feeding is/occurring. 

44. A process of Claim 43 wherein (ii) is bromine, chlorine, bromine chloride, or 
a combination of any two or all three of them, tod is fed subsurface to the liquid phase of the 
reaction mixture. \ 

45. A process of Cla im 43 wherein (ii) is an alkali metal bromide or an alkaline 
earth metal bromide, and chlorine, a hypochlorite salt, or an aqueous hypochlorite solution 
in amounts sufficient to generate bromine in situ, and if (ii) is chlorine, said chlorine is fed 
subsurface to the liquid phase of the reaction mixture. 

46. A process of Claim 43 wtterein the inorganic base is a water-soluble basic salt 
or oxide of an alkali metal or an alkaline Wth metal, and wherein the amount of such base 
is the stoichiometric quantity, or is substafatially the stoichiometric quantity, theoretically 
required to deprotonate at least one imido gV>up of said compound or to fully or partially 
deprotonate at least one amido group of said dompound. 

47. A process of Claim 46 wherein said basic salt or oxide consists essentially of 
sodium oxide, sodium hydroxide, sodium carbonate, sodium bicarbonate, potassium oxide, 
potassium hydroxide, potassium carbonate, potassium bicarbonate, calcium oxide, calcium 
hydroxide, or a mixture of any two or more of them. 
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48. A process of Claim 43 wherein the pH is in the range of about 6.8 to about 7.2. 

49. A process of Claim 43 wherein the temperature of said reaction mixture is in 
the range of about 0 to about 90 ''C, and wherein if (ii) is in the form of a vapor, (ii) is fed 
subsurface to the liquid phase of said reaction mixture. 

50. A process of Claim 43 wherein the temperature of said reaction mixture is in 
the range of about 30 to about 70 °C, and wherein if (ii) is in the form of a vapor, (ii) is fed 
subsurface to the liquid phase of said reaction mixture. 

51. A process of Claim ^3 wherein the proportions of water, inorganic base, and 
said compound being fed are such wrX: 

A) where the inorganic base has k monovalent cation, there are from about 0.5 to about 
2.5 moles of halogenatable amido or imido nitrogen atoms and from about 0.5 to 
about 2.5 moles of the base, peAliter of water; and 

B) where the base has a divalent iation, there are about 0.5 to about 2.5 moles of 
halogenatable amido or imido nitrogen atoms and from about 0.25 to about 1 .25 moles 
of the base, per liter of water. 

52. A process of Claim 43 wherajn the proportions of water, inorganic base, and 
said compound being fed are such that: 

A) where the inorganic base has a monov^ent cation, there are from about 1.0 to about 
1.5 moles of halogenatable amido or imido nitrogen atoms and from about 1.0 to 
about 1.5 moles of the base, per liter of water; and 

B) where the base has a divalent cation, th^e are about 1.0 to about 1.5 moles of 
halogenatable amido or imido nitrogen atoni^ and from about 0.5 to about 0.75 moles 
of the base, per liter of water. 
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53. A process of ClainMS wherein the process is conducted in a batch mode in at 
least one reactor and wherein, until me volume of the reaction mixture reaches 50 percent of 
the total volume of the reactor(s), thd feeds to said reaction mixture are maintained such that 
the ratio of (i) the volume of said r&action mixture in liters to (ii) the moles of said N- 
halogenatable compound of (a) being fed to the reaction mixture per minute is in the range 
of about 10 to about 100 liters per molfe per minute; and wherein, when the volume of the 
reaction mixture is 50 percent or more oftthe total volume of the reactor(s), the feeds to said 
reaction mixture are maintained such that We ratio of (i) the volume of said reaction mixture 
in liters to (ii) the moles of N-halogenatabld compound being fed to the reaction mixture per 
minute is in the range of about 30 to about 60 liters per mole per minute. 

54. A process of Claim 43 wherein the process is conducted in a continuous mode 
in which, under steady state conditions, s^d feed(s) are maintained such that the ratio of (i) 
the volume of said reaction mixture in liter^to (ii) the moles of N-halogenatable compound 
being fed to the reaction mixture per minute iW the range of about 1 0 to about 1 00 liters per 
mole per minute. ^ 

55. A process of Claim 43 whWein said compound having at least one amido or 
imido functional group in the molecule is Ahydantoin in which each of the two substituents 
in the 5-position is, independently, a hydrdge^ or a hydrocarbyl group. 

56. A process of Claim 55 whereiViliaid hydantoin is a 5-alkyl hydantoin or a 5,5- 
dialkylhydantoin. \ 

57. A process ofClaim43 wherein when starting up said process, said feeding is 
initiated into a reactor containing (i) a solids-containing heel of a reaction mixture from a 
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prior reaction in which the product to be formed had been formed, or (ii) a soUds-free mother 
Uquor of a reaction mixture from a prior reaction in which the product to be formed had been 
formed. 

58. A process for the production of a l,3-dihalo-5,5-dimethylhydantoin, which 
process comprises concurrently feedinfe into areaction zone (i) water, inorganic base, and 5,5- 
dimethylhydantoin, these being fed ^parately and/or in any combination(s), and (ii) a 
separate feed of a brominating agent aAd/or a chlorinating agent, in proportions such that 
during all or substantially all of the time the concurrent feeding is occurring l,3-dihalo-5,5- 
dimethylhydantoin is formed and precipitates in the liquid phase of an aqueous reaction 
mixture, and in which the pH of saidUiquid phase is continuously or substantially 
continuously maintained in the range of abdut 6.5 to about 8.5 during all or substantially all 
of the time the concurrent feeding is occurring. 

59. A process of Claim 58 wherein said pH is in the range of about 6.8 to about 

7.2. 

60. A process of Claim 58 wherein (ii) is bromine and is fed subsurface to the 
liquid phase of said reaction mixture. 

61. A process of Claim 58 w^G^^^^ii) is chlorine; a mixture of bromine and 
chlorine, fed separately or in combination; d|W)mine chloride; and is fed subsurface to the 
liquid phase of said reaction mixture. \ 

62. A process of Claim 58 wherein (ii) is an alkali metal bromide or an alkaline 
earth metal bromide, and chlorine, a hypochlorite salt, or an aqueous hypochlorite solution 
in amounts sufficient to generate bromine in situ, and if chlorine is used it is fed subsurface 
to the liquid phase of said reaction mixture. 
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63. A process of Claim 58 wherein the temperature of said aqueous reaction 
mixture is in the range of about 20 to about 80 °C. 

64. A process of Clairo^ wherein the temperature of said aqueous reaction 
mixture is in the range of about 30 to about 70 ^C. 

65. A process of Claim^ wherein the temperature of said aqueous reaction 
mixture is in the range of about 40 to about 60*^C. 

66. A process of Clairn 58 wherein the proportions of water, inorganic base, and 
5,5-dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from about 0.5 to about 
2.5 moles of 5,5-dimethylhydantoin and from about 1 .0 to about 5.0 moles of the base, 
per liter of water; and 

B) where the base has a divalent cation, there are about 0.5 to about 2.5 moles of 5,5- 
dimethylhydantoin and from about 0.5 to about 2.5 moles of the base, per liter of 
water. 

67. A process of Claim_58 wherein the proportions of water, inorganic base, and 
5,5-dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from about 1.0 to about 
1 .5 moles of 5,5-dimethylhydantoin and from about 2.0 to about 3.0 moles of the base, 
per liter of water; and 

B) where the base has a divalent cation, there are about 1.0 to about 1.5 moles of 5,5- 
dimethylhydantoin and from about 1.0 to about 1.5 moles of the base, per liter of 
water. 
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68. A process of Claim 67 wherein (ii) is bromine; wherein said pH is in the range 
of about 6.8 to about 7.2; wherein the temperature of said aqueous reaction mixture is in the 
range of about 30 to about 70 °C; and wherein if said temperature is above the boiUng point 
of the bromine, the bromine is fed subsurface to the liquid phase said reaction mixture. 

69. A process of Claim 67 wherein (ii) is bromine; wherein said base is sodium 
hydroxide, wherein said pH is in the range of about 6.8 to about 7.2; wherein the temperature 
of said aqueous reaction mixture is in the range of about 40 to about 60° C; wherein if said 
temperature is above the boiling point of the bromine, the bromine is fed subsurface to the 
liquid phase of said reaction mixture. 

70. A process of Claim 58 wherein water, inorganic base, and 5,5- 
dimethylhydantoin of (i) are introduced as a feed solution formed from all three of them by 
mixing 5,5-dimethylhydantoin with an aqueous solution of inorganic base. 

71 . A process of Claim 70 wherein the inorganic base used in forming said feed 
solution is a water-soluble basic salt or oxide of an alkali metal or an alkaUne earth metal; and 
wherein said pH is in the range of about 6.8 to about 7.2. 

72. A process of Claim_58 wherein the inorganic base used in forming said feed 
solution consists essentially of sodium oxide, sodium hydroxide, sodium carbonate, sodium 
bicarbonate, potassium oxide, potassium hydroxide, potassium carbonate, potassium 
bicarbonate, calcium oxide, calcium hydroxide, or a mixture of any two or more of them; and 
wherein the amount of such base is the stoichiometric quantity, or is substantially the 
stoichiometric quantity, theoretically required to fully deprotonate the 5,5-dimethylhydantoin 
used in forming said feed solution. 
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73. A process of ClaimpS wherein the process is conducted in a batch mode by 
initiating the concurrent feeds of (i) and (ii) to a reactor containing (a) a sohds-containing heel 
of a reaction mixture from a prior reaction in which the l,3-dihalo-5,5-dimethylhydantointo 
be formed had been formed, or (b) akoUds-free mother hquor of a reaction mixture from a 
prior reaction in which the 1 ,3-dihaloA5,5-dimethylhydantoin to be formed had been formed, 
and discontinuing the concurrent feedfe of (i) and (ii) when the reactor has been filled to the 
desired level. \ 

74. A process of Claim 70 therein the process is conducted in a batch mode by 
initiating the concurrent feeds of (i) andVii) to the reactor containing (a) a solids-containing 
heel of a reaction mixture from a prior reaction in which the 1 ,3-dihalo-5 ,5-dimethylhydantoin 
to be formed had been formed, or (b) a sdlids-free mother hquor of a reaction mixture from 
a prior reaction in which the 1 ,3-dihalo-5 ,idimethylhydantoin to be formed had been formed, 
and discontinuing the concurrent feeds ofVi) and (ii) when the reactor has been filled to the 
desired level. \ 

75. A process of any of Claims L 13, 14, or 43 wherein the proportions of said 
brominating agent and/or chlorinating agent knd said compound having in the molecule at 
least one halogenatable amido or imido nitrogen atom being fed are such that there are in the 
range of about 1.9 to about 2.1 atoms of halogan per halogenatable amido or imido nitrogen 
atom to be halogenated. \ 

76. A process of any of Claims 58, 59l 60, 61, 62, or 69 wherein the proportions 
of the brominating agent and/or chlorinating agenftand 5,5-dimethylhydantoin being fed are 
such that there are in the range of about 3.8 to about 4.2 atoms of halogen per molecule of 5,5- 
dimethylhydantoin. \ 
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77. A process of Claim 56 or 58 wlterein (ii) is bromine and wherein the rate at 
which (i) and (ii) are being fed is such that the\color of the reaction mixture is yellow to 
reddish yellow. 
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78. A process for the N-halogenation of a compound having at least one 
halogenatable amido or imido functional group in the molecule, ^hich process comprises: 
I) concurrently and continuously feeding into a reactor coj/taining an aqueous reaction 

mixture: 

A) separate feeds of (i) an aqueous solution or slurry formed from an inorganic 
base and a compound having in the molecul|6 at least one halogenatable amido 
or imido nitrogen atom, and (ii) a bromihating agent and/or a chlorinating 



B) 



agent; or 

at least three separate feeds, one of Which is a brominating agent and/or a 
chlorinating agent, and at least twd other feeds, at least one of which is 
selected from (a) and (b); and at le/st one of which is selected from (c) and 



(d), wherein 



(a) 
(b) 



is an aqueous solution or /slurry formed from an inorganic base, 
is an aqueous solution ot slurry formed from an inorganic base and a 
compound having in thk molecule at least one halogenatable amido or 



imido nitrogen atom, 

(c) is a compound haviAg in the molecule at least one halogenatable 
amido or imido nitrogen atom, and 

(d) is an aqueous solumon or slurry formed from a compound having in 
the molecule at le^t one halogenatable amido or imido nitrogen atom; 

in proportions such that at least yfne said amido or imido nitrogen atom is substituted 
by a bromine or chlorine atom And a precipitate of the resultant product precipitates 
in the liquid phase of an aqueoAs reaction mixture during all or substantially all of the 
time said concurrent feeding is occurring, and such that the pH of said reaction 
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25 mixture is continuously or substantially continuousl>anairitainedin-^^ 

26 5.5 to about 8.5 during all or subst^itiaHy'airof the time said concurrent feeding is 

27 occurring; and ^^--^^'"'^^ 

28 II) periodicallviM-^'continuously removing precipitate and a portion of the reaction 

29 mixJiH^^om the reactor. 

1 79. A process of Claim 78 wherein the volume of the feeds to said reactor in I) and 

2 the volume of the precipitate and portion of the reaction mixture removed from said reactor 

3 in II) are equal or substantially equal so that the volimie of reactor contents remains constant 

4 or substantially constant. 

1 80. A process of Claim 78 v^herein said pH is in the range of about 6.5 to about 
5 2 8.5. 

Q 1 81 . A process of Claim 78 wherein said pH is in the range of about 6.8 to about 

2 7.2. 

■^3 I 82. A process of Claim 78 ^erein the temperature of said aqueous reaction 

2 mixture is in the range of about 20 to ab3ut 90 °C, and wherein if said brominating agent 

' ^3 ] and/or chlorinating agent is in the form of aVapor, said vapor is fed subsurface to the liquid 

I phase of said reaction mixture in I). \ 

1 83. A process of Claim 80 wherein the temperature of said aqueous reaction 

2 mixture is in the range of about 30 to about 7oV C, and wherein if said brominating agent 

3 and/or chlorinating agent is in the form of a vapoA said vapor is fed subsurface to the liquid 

4 phase of said reaction mixture in I). \ 
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1 84. A process of Claim 78 wherein the proportions of water, inorganic base, and 

2 said compound being fed are suchtthat: 

3 A) where the inorganic base h^ a monovalent cation, there are from about 0.5 to about 

4 2.5 moles of halogenatable Wnido or imido nitrogen atoms and from about 0.5 to 

5 about 2.5 moles of the base, per liter of water; and 

6 B) where the base has a divalent cation, there are about 0.5 to about 2.5 moles of 

7 halogenatable amido or imido mtrogen atoms and from about 0.25 to about 1 .25 moles 

8 of the base, per liter of water. \ 



V V I ^ process of Claim 78 wherein the proportions of water, inorganic base, and 
£ 2(yr^ \ said compound being fed are such that: \ 

3 A) where the inorganic base has a monovalent cation, there are from about 1 .0 to about 

5 4 1.5 moles of halogenatable amidoW imido nitrogen atoms and from about 1.0 to 

5 about 1.5 moles of the base, per lites of water; and 

O 6 B) where the base has a divalent cation, there are about 1.0 to about 1.5 moles of 

7 halogenatable amido or imido nitrogenatoms and from about 0.5 to about 0.75 moles 

'fZ 8 of the base, per liter of water. \ 

1 86. A process of Claim 78 wherein said brominating agent and/or chlorinating 

2 agent is bromine, chlorine, bromine chloride, or a combination of any two or all three of them, 

3 and is fed subsurface to the liquid phase of the reaction mixture in I). 

1 87. A process of Claim 78 wherein said brominating agent and/or chlorinating 

2 agent is an alkali metal bromide or an alkaline ^irth metal bromide and chlorine, a 

3 hypochlorite salt, or an aqueous hypochlorite solution in amounts sufficient to generate 

4 bromine in situ, and if chlorine is used, said chlorine is ted subsurface to the liquid phase of 

5 the aqueous reaction mixture in I). \ 
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88. A process of Claim 78 wherein said brominating agent and/or chlorinating 
agent is bromine, and wherein the bromineVs fed subsurface to the liquid phase of the aqueous 
reaction mixture in I). I 

89. A process of Claim 88 wherfein the bromine is fed as a mixture of bromine 
vapor and at least one inert gas. \ 

90. A process of Claim 78 wherein ^id inorganic base and said compound having 
in the molecule at least one halogenatable amiflo or imido nitrogen atom are fed either as 
separate solutions or slurries in water or as a single solution or slurry in water. 

91. A process ofClaimgO wherein the inorganic base used in forming the solution, 
solutions, slurry, and/or slurries is a water-soluble basic saU or oxide of an alkali metal or an 
alkaline earth metal. 

92 . A process of Claim 90 wherein the inorganic base used in forming the solution, 
solutions, slurry, and/or slurries consists essentially of sodium oxide, sodium hydroxide, 
sodium carbonate, sodium bicarbonate, potassium oxide, potassium hydroxide, potassium 
carbonate, potassium bicarbonate, calcium oxide, calcium hydroxide, or a mixture of any two 
or more of them. 

93. A process of Claim 84 wherein said pH is in the range of about 6.8 to about 
7.2; wherein the temperature of said aqteous reaction mixture is in the range of about 30 to 
about 90 °C; wherein if said brominating agent and/or chlorinating agent is in the form of a 
vapor, said vapor is fed subsurface to tWe liquid phase of the reaction mixture in I); and 
wherein said inorganic base and said cdmpound having in the molecule at least one 
halogenatable amido or imido nitrogen atomWre fed either as separate solutions or slurries in 
water or as a single solution or slurry in wat^. 
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94. A process of Claim 95 wherein the inorganic base used in forming said 
solution or slurry is a water-soluble basJc salt or oxide of an alkali metal or an alkaline earth 
metal; wherein said brominating agent anVor chlorinating agent is bromine; and wherein the 
bromine is fed subsurface to the liquid phake of the aqueous reaction mixture in I). 



1 95. A process of Claim 94 wherein the bromine is fed as a mixture of bromine 

2 vapor and at least one inert gas. 

1 96. A process of Claim 85 wherein said pH is in the range of about 6,8 to about 
'^2 2 7.2; wherein the temperature of said abueous reaction mixture is in the range of about 30 to 
::E 3 about 70 ° C; wherein if all or a portionV)f said brominating agent and/or chlorinating agent 
::E 4 is in the form of a vapor, at least said ^or is fed subsurface to the Uquid phase of said 
4^rv^^ reaction mixture in I); and wherein saidVnorganic base and said compound having in the 
!r 6 molecule at least one halogenatable amidobr imido nitrogen atom are fed either as separate 

7 solutions or slurries in water or as a single ^lution or slurry in water. 

Q I 97. A process of Claim 96 wherein tie inorganic base used is a water-soluble basic 

2 salt or oxide of an alkali metal or an alkaline darth metal; wherein said brominating agent 

3 and/or chlorinating agent is bromine; and whereib the bromine is fed subsurface to the liquid 

4 phase of the aqueous reaction mixture in I). \ 

1 98. A process of Clai m 97 wherein the bromine is fed as a mixture of bromine 

2 vapor and at least one inert gas. 

1 99 . A process of Claim 78 wher^m^id^ having in the molecule at least 

2 one amido or imido nitrogen atom is a hyda(i^iilin which each of the two substituents in the 

3 5-position is, independently, a hydrogen atoifi^a hydrocarbyl group. 
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1 00. A process of Claim 99 wh 
dialkylhydantoin. 

101. A process of Claim 99 wttierein said hydantoin is 5 ,5 -dimethylhydantoin, and 
wherein said pH is in the range of about\6.8 to about 7.2. 

102. A process of Claim 101 v5|herein the temperature of said aqueous reaction 
mixture is in the range of about 20 to aboUt 80 °C, and wherein if all or a portion of said 
brominating agent and/or chlorinating agentVs in the form of a vapor, at least said vapor is fed 
subsurface to the liquid phase of said reactiok mixture in I). 

1 03 . A process of Claim 1 02 wherein said temperature is in the range of about 40 
to about 60 °C. 

104. A process of Claim 101 wherein the proportions of water, inorganic base, and 
5,5-dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from about 0.5 to about 
2.5 moles of 5,5-dimethylhydantoin, and from about 1.0 to about 5.0 moles of the 
base, per liter of water; and 

B) where the base has a divalent cation, there are about 0.5 to about 2.5 moles of 5,5- 
dimethylhydantoin, and from about 0.5 to about 2.5 moles of the base, per liter of 
water. 




said hydantoin is a 5-alkyl hydantoin or a 5,5- 



105. A process of Claim 101 wherein the proportions of water, inorganic base, and 
5,5-dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from about 1 .0 to about 
1.5 moles of 5,5-dimethylhydantoin and from about 2.0 to about 3.0 moles of the base, 
per liter of water; and 
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B) where the base has a divalent cation, there are about 1.0 to about 1.5 moles of 5,5- 
dimethylhydantoin and from about 1.0 to about 1.5 moles of the base, per Uter of 
water. 

106. A process of Claim lo\ wherein said brominating agent and/or chlorinating 
agent is bromine, chlorine, bromine chloride, or a combination of any two or all three of them, 
and is fed subsurface to the liquid phaseW the aqueous reaction mixture in I). 

107, A process of Claim 101 whWein said brominating agent and/or chlorinating 
agent is an alkali metal bromide or an alkalini earth metal bromide and chlorine, hypochlorite 
salt, or an aqueous hypochlorite solution in ambunts sufficient to generate bromine in situ, and 
wherein if chlorine is used, said chlorine is fed\subsurface to the aqueous reaction mixture in 

!)• \ 

aid brominating agent and/or chlorinating 
mbsurface to the aqueous reaction mixture 

109. A process of Claim 108 wherein the bromine is fed as a mixture of bromine 
vapor and at least one inert gas. 

110. A process of Claim 101 wherein said inorganic base and said 5,5- 
dimethylhydantoin are fed either as~separate solutions or slurries or as a single solution or 
slurry in water. 

111. A process of Claim 110 wherein the inorganic base used in forming the 
solution, solutions, slurry and/or slurries is a water-soluble basic salt or oxide of an alkali 
metal or an alkaline earth metal. 



108. A process of Claim 101 wherein' 
agent is bromine, and wherein the bromine is fed^ 
in I). 
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112. A process of Cla im 101_ wherein the inorganic base used in forming the 
solution, solutions, slurry, and/or slurries consists essentially of sodium oxide, sodium 
hydroxide, sodium carbonate, sodium bicarbonate, potassium oxide, potassium hydroxide, 
potassium tarbonate, potassium bicarbonate, calcium oxide, calcium hydroxide, or a mixture 
of any two or more of them. 

113. A process of Claim U 10 wherein the temperature of said aqueous reaction 
mixture is in the range of about 4A to about 60° C; wherein if all or a portion of said 
brominating agent and/or chlorinatingWent is in the form of a vapor, at least said vapor is fed 
subsurface to the Uquid phase of thA aqueous reaction mixture in I); and wherein the 
proportions of water, inorganic base, anfi 5,5-dimethylhydantoin being fed are such that: 

A) where the inorganic base has a mdhovalent cation, there are from about 0.5 to about 
2.5 moles of 5,5-dimethylhydantoinYid from about 1 .0 to about 5.0 moles of the base, 
per liter of water; and 

B) where the base has a divalent cation, tWe are about 0.5 to about 2.5 moles of 5,5- 
dinjethylhydantoin and from about 0.5\o about 2.5 moles of the base, per liter of 
water. 

114. A process of Claim 1 1 3 wherein said brominating agent and/ or chlorinating 
agent is bromine; and wherein the bromine is fed subsi^face to the liquid phase of the aqueous 
reaction mixture in I). 

115. A process of Claim 1 1 4 wherein the bromine is fed as a mixture of bromine 
vapor and at least one inert gas. 

116. A process of Claim 1 13 wherein the proportions of water, inorganic base, and 
5,5-dimethylhydantoin being fed are such that: 

A) where the inorganic base has a monovalent cation, there are from about 1 .0 to about 
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1.5 moles of 5,5-dimethylhydantoin and from about 2,0 to about 3 .0 moles of the base, 
per liter of water; and 

B) where the base has a divalent cation, there are about 1.0 to about 1.5 moles of 5,5- 
dimethylhydantoin and from about 1.0 to about 1.5 moles of the base, per liter of 
water. 



117. A process of Claim 116 wherein said brominating agent and/or chlorinating 
agent is bromine; and wherein the bromine is f\d subsurface to the liquid phase of the aqueous 
reaction mixture in I). 



118. A process of ClaimJU? wherein the bromine is fed as a mixture of bromine 
vapor and at least one inert gas. 

V 

119. A process of ClainoTTS wherein said compound having in the molecule at least 
one halogenatable amido or irnToDT^rogen atom is a cyclic amide or a cyclic imide. 

120. A process of Claim 1 3 or 78 wherein the process is conducted adiabatically and 
with agitation of the aqueous reaction mixture. 



121. A process of Claim 100 ob 101 wherein the halogen is bromine and wherein 
the rate at which the feeds are being fed is sijch that the color of the reaction mixture is yellow 
to reddish yellow. 



122. A process of any of Claims 78, 93, 96, or 1 19 wherein the proportions of said 
brominating agent and/or chlorinating agent anM said compound having in the molecule at 
least one halogenatable amido or imido nitrogen ^om being fed are such that there are in the 
range of about 1 .9 to about 2. 1 atoms of halogen p\r halogenatable amido or imido group to 
be halogenated. 
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123. Aprocess of any of Claims 101, 102, 106, 107, 110, 113, 116, or 117 wherein 
the proportions of halogen and 5,5-dimethylhydantoin being fed are such that there are in the 
range of about 3.8 to about 4.2 atoms of halogen per molecule of 5,5-dimethylhydantoin. 

124. A process for the N-halogenation of a compound having^ the molecule at 
least one halogenatable amido or imido functional group in the^nfolecule, which process 
comprises: 

a) concurrently feeding into a reactor (i) water J^forganic base, and said compound 
having in the molecule at least one halogen^f^le amido or imido nitrogen atom, these 
components being fed separately and/jM^n any combination(s), and (ii) a separate feed 
of a brominating agent, in proportions such that (iii) at least one said amido or imido 
nitrogen atom is substituted>y a bromine atom, (iv) during all or substantially all of 
the time the concurrent/feeding is occurring, the product precipitates in the liquid 
phase of an aqueous^l^ction mixture in which the pH is continuously or substantially 
continuously m^tained in the range of about 5.5 to about 8.5, and (v) an aqueous 
solution of GO-product inorganic bromide salt is formed; 

b) separating precipitate from said aqueous solution; and 

c) oxidi/mg co-product inorganic bromide salt in said solution to form elemental 
brodrnme. 

125. A process of ClaimJ^ wherein said oxidation is accomplished using chlorine. 

126. A process of Claim 124^herein said pH is in the range of about 6.5 to about 

8.5. 

127. A process of any of Claims 124^126 wherein said compound having at least 
one halogenatable amido or imido nitrogen atW is a 5,5-dialkylhydantoin; wherein said 
inorganic base is a water-soluble basic salt or o^ide of an alkah metal or an alkaline earth 
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metal; and wherein said brominating £\gent is bromine fed subsurface to the liquid phase of 
the aqueous reaction mixture. 

128. A process of Claim 1 24 w&6rein said compound having in the molecule at least 
one halogenatable amido or imido nitrogeh atom is 5,5-dimethylhydantoin; wherein said pH 
is maintained in the range of about 6.8 td about 7.2; and wherein the temperature of said 
reaction mixture is maintained in the range ©f about 40 to about 60 ^C. 



129. A process of Clain^24 wl^^ein in a) the feeds are being fed such that the 
color of the aqueous reaction mixture is yellow to reddish yellow. 



130. A process of any of Claims 13, 43, or^ wherein said brominating agent 
and/or chlorinating agent is a brominating Went whereby an aqueous solution of co-product 
inorganic bromide saU is formed; wherein precipitate is separated from said aqueous solution; 
and wherein co-product inorganic bromide s^lt in said solution is oxidized to form elemental 
bromine. 



131. A process of Claim 78 whereih said brominating agent and/or chlorinating 
agent is a brominating agent whereby co-product inorganic bromide salt is formed in the 
aqueous reaction mixture; wherein the inorganic bromide salt in the aqueous solution 
remaining after said precipitate has been removed therefrom is oxidized to form elemental 
bromine. 
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